Tuberculosis is a worldwide health care problem that results in approximately 3 million deaths every year (26) . Mycobacterium tuberculosis, the pathogen that causes the disease, is phagocytized by mononuclear phagocytes and is able to reproduce in their interior (23, 24) . Acquired cellular immunity has been demonstrated in classical experiments performed with mice, for which the participation of specifically sensitized T lymphocytes and mononuclear phagocytes in the role of effector cells has been reported (10, 19) . The basic descriptions of the response to M. tuberculosis show that protection against tuberculosis is mediated by CD4 ϩ T lymphocytes (19, 20) , although some studies also indicate the participation of CD8 ϩ T lymphocytes (21, 27) .
T cells recognize nominal antigen in the context of selfmajor histocompatibility complex antigens through T-cell receptor (TCR) molecules composed of ␣ and ␤ chains. Another type of TCR, composed of ␥ and ␦ chains, has also been identified (3) . In recent years, several reports have demonstrated the participation of ␥/␦ TCR T lymphocytes in the response to M. tuberculosis (5, 7, 16 ). This conclusion has been reached through the demonstration that cells that respond in culture to purified protein derivative, to heat-killed mycobacteria, and to mycobacterial heat shock proteins belong to the subset expressing ␥/␦ (8, 12) . Likewise, it has been shown in murine systems that following intraperitoneal bacillus Calmette-Guérin inoculation, there is an accumulation of ␥/␦ TCR T lymphocytes until day 7, after which their numbers decrease as they are replaced by ␣/␤ TCR T lymphocytes (6, 25) . Depletion experiments with monoclonal antibodies have demonstrated that the ␥/␦ T lymphocytes are effective at the onset of infection, while the memory response is mediated by the ␣/␤ T lymphocytes (21) . A rise in the proportion of ␥/␦ T lymphocytes has been demonstrated in infections produced by other organisms such as Listeria monocytogenes (17) , virus influenza (4), Trypanosoma cruzi (11), Leishmania sp. (29) , and other pathogens and their toxins (21), a fact which supports the hypothesis that these lymphocytes are of great importance in (6) .
We have studied the changes in the lymphoid populations from peripheral blood and pleural and ascitic fluids obtained from tuberculosis patients. We divided them into two groups, one of recent-onset patients (newly converted to positive Mantoux reactions but with no evidence of illness) and the other with pleural and/or pulmonary tuberculosis. Our results demonstrate the impact of the disease in peripheral blood from patients in the first group, with T lymphocytosis (having either ␣/␤ receptor or ␥/␦ receptor) and distortion of the V␤ repertoire, while in the second group we detected no changes in the peripheral blood T lymphocytes, although an accumulation of activated ␣/␤ T lymphocytes was found in the pleural and ascitic fluids of these patients.
MATERIALS AND METHODS
Patient population and cell preparation. Venous blood was obtained before 10 a.m. from patients with either pulmonary tuberculosis (n ϭ 33) or pleural tuberculosis (n ϭ 14) who were being seen at Hospital do Meixoeiro, Vigo, Spain. Diagnosis was made by recovery of M. tuberculosis from cultures of sputum or pleura and/or demonstration of tuberculous granulomata on pleural biopsy. Because patients with pleural and pulmonary tuberculosis were similar in age, sex, and all parameters measured, we considered them as one whole group (pleuropulmonary tuberculosis; n ϭ 47 [29 males], age, 47 Ϯ 21). Three other patients had biopsy-proven tuberculosis peritonitis. A total of 17 patients (8 males; age, 22 Ϯ 15) were familiar contacts of patients with pulmonary tuberculosis. All of them presented a Mantoux reaction of Ͼ15 mm which had converted in the previous 3 months. Their chest radiographs were normal. A control group of 19 healthy blood donors was employed (10 males; age, 40 Ϯ 18). They had been vaccinated at infancy with BCG, and we did not rechallenge them with Mantoux tests. Patients with or at risk for (i.e., intravenous drug users) human immunodeficiency virus infection and immunosuppressed patients (those taking steroids or with neoplasia or simultaneous infections, i.e., chronic hepatitis) were excluded. All studies of tuberculous patients were made before or within a week of the beginning of antituberculous drug therapy.
Peripheral blood mononuclear cells were obtained from venous blood. The blood, which was diluted in saline solution (1:1), was centrifuged on a FicollHypaque gradient (Lymphoprep; Nyegaard, Oslo, Norway) at 1,600 rpm for 30 min, after which the interphase layer was selected. The cell suspension thus obtained was washed twice with RPMI 1640 (Whittaker, Walkersville, Md.) and 1% fetal bovine serum (Flow Laboratories, Irvine, Scotland) for assay use. To isolate the mononuclear cells from the pleural and ascitic fluids, the undiluted fluids were centrifuged on a Ficoll-Hypaque gradient and the process that was employed for peripheral blood was followed.
Monoclonal antibodies. The monoclonal antibodies used for these assays were CD2 (T11), CD3 (T3), CD4 (T4), CD8 (T8), CD19 (B2), CD20 (B1), and CD56 (NKH1), which were purchased from Coulter; anti-V␤2, anti-V␤3, anti-V␤8, anti-V␤13.3, and anti-V␤19 from Immunotech; and anti-TCR ␣/␤ (BMA031), anti-TCR ␥/␦ (TCRd1), anti-V␤5b, anti-V␤6a, anti-V␤8a, and anti-V␤12a, from Boehringer Ingelheim. The specificity of each anti-V␤ monoclonal antibody is shown in Table 1 .
Indirect immunofluorescence. A total of 5 ϫ 10 5 cells in 50 l were incubated with each monoclonal antibody in saturating amounts for 30 min at 4ЊC, after which they were washed twice with RPMI-1% fetal bovine serum and 100 l of fluoresceinated goat anti-mouse antiserum (Kallestad) was added at a dilution of 1:40. The cells were incubated for 45 min. Two further washes with RPMI-1% fetal bovine serum were carried out, and the cells were resuspended in 400 l of 1% formaldehyde in phosphate-buffered saline (PBS) and were thus prepared for analysis.
Direct immunofluorescence. A total of 5 ϫ 10 5 cells in 100 l were incubated with the fluorescein-or phycoerythrin-labeled monoclonal antibodies in saturating amounts for 30 min at 4ЊC. They were then washed once with RPMI-1% fetal bovine serum and were resuspended in 400 l of 1% formaldehyde in PBS and were thus prepared for analysis.
Cytofluorometric analysis. Cytometric analysis was performed with an ELITE cytometer (Coulter Scientific). On a side-scatter or forward-scatter histogram, a window was superimposed over the lymphocyte population for analysis, with the exclusion of the monocytes. A total of 5,000 gated cells were used in each analysis.
Statistical analysis. Values are given as means Ϯ standard deviations, except when otherwise specified. Statistical analysis was performed with SPSS/PCϩ (Microsoft). Nonparametric tests (Mann-Whitney U tests) were used to compare differences among groups. A P value of Ͻ0.05 was considered significant.
RESULTS
We studied the changes in the peripheral blood lymphocyte populations that might occur after tuberculosis infection. For this study, we used a control group (healthy volunteer donors), a group of recently infected patients (members of the patients' families in whom a Mantoux reaction measuring more than 15 mm was detected), and another group of patients with pulmonary or pleural tuberculosis infections. As shown in Table 2 , the recent-onset subjects presented lymphocytosis. The lymphocytosis was due to a significant increase in the number of (Table 1) and flow cytometry analysis, we decided to study whether the ␣/␤ T lymphocytosis (which was that most marked in terms of absolute numbers) was a consequence of increases in specific V␤ families. Table 3 shows no differences between controls and patients with pleuropulmonary tuberculosis. We then studied the expression of V␤ families in recent-onset patients. Although some V␤ families showed an increase with respect to the control group, the overall variability in this increment among individuals precluded identification of any consistent pattern within this increment.
As stated above, we detected no differences between the peripheral blood lymphocyte populations in the control and active tuberculosis groups. Thus, we focused our study on the lymphocyte populations in the pleural and peritoneal exudates from tuberculosis patients. 
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the numbers of B lymphocytes (CD19) or NK cells (CD56). In Fig. 2 , we show four cases of pleural tuberculosis. The pattern observed is very similar to that found in the ␣/␤ TCR lymphocyte infiltrate, and an increase in the prevalence of CD4 lymphocytes can be seen in two of four patients. We studied the activation state of the lymphocytes from ascites or pleural fluid (Fig. 3) . Six of the nine patients involved showed a highly intense interleukin-2 receptor (CD25) expression (Fig. 3A) , and there was a more marked expression of isoform CD45RO (and a concomitant decrease in the presence of the CD45RA isoform) in all of the samples of pleural fluid examined (Fig. 3B) . Most of the CD25-positive cells were CD45RO positive (Fig. 3C) .
We compared the expression of V␤ families in the pleural fluid lymphocytes of five patients with pulmonary tuberculosis with that found in their peripheral blood lymphocytes (Fig. 4) . We must recall that there were no differences in the levels of expression of V␤ between normal subjects and patients with actual disease (Table 2) . As can be seen, there were no changes in the rates of V␤ family expression in patients TBC-29, TBC-33, and TBC-62, while an increase in the representation of the V␤13.3 and V␤19 families (patient TBC-57) and V␤2 and V␤3 (patient TBC-69) was observed in the pleural fluid samples.
DISCUSSION
In vitro studies have shown that the immunological response to M. tuberculosis is mediated by both CD4 ϩ ␣/␤ TCR T lymphocytes and ␥/␦ T lymphocytes (10, (19) (20) (21) . These data correspond to the peripheral blood lymphocytosis produced during the initial weeks of M. tuberculosis infection. Since M. tuberculosis bacilli grow inside phagocytic vacuoles, the bacterial antigens must be presented by class II major histocompatibility complex molecules, and, therefore, the response must be conveyed by CD4 T cells (13, 15) . We also encountered an increase in the numbers of CD8 T lymphocytes in recent infections, while these cells were also present in the pleural fluids of the active tuberculosis patients. These CD8 lymphocytes may correspond to those directed against self-heat shock protein that may have been produced during the infectious process (9, 14) .
We demonstrate that initial expansion of T lymphocytes during the first weeks of tuberculosis infection is accompanied by the preferential expression of certain TCR V␤ regions. The number of V␤ subfamilies detected by monoclonal antibodies represents a substantial portion (approximately 40%) of the total repertoire. The variability of expanded V␤ families from one individual to another may be due to genetic differences at In contrast with events in the first weeks of infection, during which we observe changes in the peripheral blood lymphocyte populations, in the state of pleuropulmonary disease there is a normal number of T-cell populations and there are no differences in the expression of the V␤ repertoire with respect to the control group. These data suggest that later, upon infection, the immune response is located at the lesion site. Thus, in pleural and ascitic fluids, we detect an accumulation of ␣/␤ T lymphocytes, mainly CD4 cells, although in some cases (especially in pleural fluids) a CD8 ϩ population has been encountered. These results agree with the typical response to mycobacteria (9, (13) (14) (15) .
The appearance of the CD25 antigen in the ascitic and pleural fluids and the inversion of the CD45RA-to-CD45RO ratio suggest that there is contact with the antigen, activation, and cell proliferation. The fact that the increase of CD25 antigen does not occur in all cases suggests that cell activation processes must not be continuous, since there must be activation processes (signaled by CD25 expression) alternating with nonactivation processes (absence of CD25 expression); this hypothesis is supported both by the fact that there is an accumulation of lymphocytes with the CD45RO antigen isoform and by the chronic behavior of the disease. In the study of the V␤ repertoire in patients with pleural tuberculosis, we found no differences between the peripheral blood repertoire and that of the pleural fluid lymphocytes in three patients, and there were slight variations in the other two. The existence of activation and nonactivation processes suggests that the variations in the frequency of the V␤ repertoire must occur during the activation processes (pleural fluids with CD25 ϩ lymphocytes [TBC-57 and TBC-69]) and that equilibrium is recovered during nonactivation periods (pleural fluids with CD25
Ϫ lymphocytes [TBC-29, TBC-33, and TBC-62]); however, more experiments are needed. 
